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本论文的目标是研究激光诱导下分子氧（O2）与 Gd2O3 和 La2O3 等稀土倍半
氧化物的晶格氧（O2–）反应生成过氧物种（O2
2–）的影响因素及本质。在论文
的第一部分工作中，采用原位显微 Raman 光谱技术考察了同一份六方 La2O3 样
品上 532、633 和 785 nm 等波长的激光对 O2
2–的生成影响，确凿证实了在 450 C
下，波长为 785 nm 的激光不能诱导 O2 与 La2O3 的 O
2– 反应生成 O2
2–；进一步考
察了 325 和 514 nm 等激光诱导下 La2O3 表面 O2
2–生成的 佳温度，结果显示，
波长短的激光对 La2O3 的 O
2– 具有较强的活化作用。785 nm 激光不能诱导 O2
2–
生成的原因，可能是光子能量较低不足以活化 O2 和 O
2–。 
论文的第二部分，采用原位 Raman 光谱技术，以 325 nm 激光为光源系统考
察了温度、氧分压、激光功率等因素对立方 Gd2O3 表面 O2
2–生成的影响，以及生
成的 O2
2–的稳定性，比较了同为立方相的 Nd2O3，Sm2O3 和 Gd2O3 样品在 325 nm
激光诱导下 O2
2–生成的差异。结果如下：在 325 nm 激光诱导下，Gd2O3 的 O
2–
在较低温度（25～150 ºC）下即可与 O2 反应生成了 O2
2–，O2
2– 的 Raman 峰强度
随光照时间的增加而增强；生成的 O2
2- 的热分解温度在 450~500 °C；在 200 ºC
下 O2
2– 对 H2O 稳定。在激光照射功率固定的情况下，随着温度的升高，生成的
O2
2–物种的 Raman 峰的强度先增后减，在功率为 2.1 mW 的 325 nm 激光诱导下，
200 °C 生成的 O2
2–  Raman 峰强度 大；温度对 O2
2– 生成的影响主要体现在三







强度随着气相氧分压的增大和样品预处理时间增加而增强。在 514 和 633 nm 激
光诱导下，Gd2O3 表面未检测到 O2
2– 的生成。在功率为 2.1 mW 的 325 nm 激光
照射下，立方相的 Nd2O3，Sm2O3 和 Gd2O3 体系上 O2
2– 生成的 佳温度逐渐升






















This dissertation focuses on the studies of influencing factors and mechanism of 
the formation of peroxide species induced by laser on the surface of rare earth 
sesquioxide (such as La2O3 and Gd2O3) in the presence of oxygen. In the first part of 
this paper, the formation of peroxide species induced by lasers of different wavelength 
(532, 633 and 785 nm) on the same sample of hexagonal La2O3 was investigated by in 
situ Raman spectroscopy. The results showed that, under the irradiation of 785 nm 
laser, the formation of the peroxide species can not occur at 450 °C on the surface of 
La2O3. Then the temperature on the formation reaction of peroxide species induced by 
325 and 514 nm lasers were investigated, which showed that Laser photon of smaller 
wavelength can offer greater energy to activate the lattice oxygen. The photon of 785 
nm laser may be not strong enough for the activation of O2 and the lattice oxygen. 
In the second part of the paper, the influences of temperature, laser power and 
oxygen partial pressure on the formation of peroxide species induced by 325 nm laser 
on cubic Gd2O3 sample were studied. It was found that, under the irradiation of 325 
nm laser, the lattice oxygen species on cubic Gd2O3 can easily react with O2 to form 
peroxide species even at lower temperature (25～150 C), and the intensity of Raman 
spectral peak belonging to peroxide species increases with the irradiation time. The 
peroxide species on cubic Gd2O3 decompose at 450～500 °C under oxygen, while 
they are stable in presence of steam at 200 °C. The peak intensity of the peroxide 
(induced by 325 nm laser of 2.1 mW) increased at first and then decreased with the 
rise of the temperature, and has a maximum at 200 °C. At low temperatures, larger 
power of laser is beneficial to the generation of peroxide species on cubic Gd2O3, 
while smaller power is advantageous in high temperature range. The peak intensity of 
the peroxide induced by 325 nm laser on cubic Gd2O3 increased with the oxygen 
partial pressure and pretreatment time. The formation of peroxide species on cubic 
Gd2O3 can not occur under the irradiation of 514 or 633 nm laser. The generation of 
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